p o p u la tio n ( J a n a k i-A m m a l 19 4 0 ; a n d ta b l e 7).
T h e B -c h ro m o s o m e s v a r y in s t r u c t u r e w ith i n a n d b e tw e e n p l a n t s o w in g to f r e q u e n t s p o n ta n e o u s c h a n g e s , in c lu d in g m is d iv is io n o f t h e c e n tr o m e r e . O n e is a n is o -c h ro m o s o m e .
T h e B 's a r e sex-limited so f a r a s t h a t is p o s s ib le in a p l a n t : t h e y a r e c o n fin e d t o t h e g e rm t r a c k o w in g t o lo s s b y la g g in g e ls e w h e re . T h e y a r e lo s t in th e r a d ic le b e fo re s e e d r ip e n in g a n d in t h e s h o o t tis s u e s a s t h e y r e a c h m a t u r i t y . O n ly in t h e a n t h e r s a n d o v a r ie s a r e t h e y r e g u la r ly m a i n ta i n e d .
B-c h ro m o so m e s p a i r w ith o n e a n o t h e r a t m e io sis w h e n h o m o lo g o u s , a n d t h e tw o a r m s o f t h e is o -c h ro m o s o m e f o r m c h ia s m a t a w ith o n e a n o th e r .
P o lle n g ra in s o f p lu s p l a n t s ( w ith e x t r a B 's) h a v e e x t r a d iv is io n s o f t h e v e g e ta tiv e n u c le u s r a p i d ly fo llo w in g t h e p r i m a r y d iv is io n .
T h e f ir s t p o lle n g r a i n d iv is io n is d e la y e d b y t h e p re s e n c e o f B -c h r o m o so m e s. I t s c o u rs e is a lw a y s n o r m a l. A t t h e s e c o n d d iv is io n t h e B 's a lw a y s p a s s t o t h e g e n e r a tiv e p o le u n d iv i d e d a n d so d o u b le its d o se .
W h e n o n ly tw o g e n e r a tiv e n u c le i a r e f o r m e d , o n e o r b o t h m a y p ro d u c e s p e r m . T h re e , f o u r o r fiv e g e n e r a t iv e n u c le i, h o w e v e r, k ill t h e p o lle n g r a in . T h e e x t r a d iv is io n s a r e t h u s m a l ig n a n t .
T h e B -c h ro m o s o m e s a s u s u a l a r e h e te r o c h r o m a tic . T h e y h a v e a n a b n o r m a l n u c le ic a c id c y c le . T h e ir a c ti o n o n t h e cells, c o n ta in in g t h e m is n o n -s p e c ific a n d c u m u la tiv e , a n d t h e i r a p p a r e n t l y sp e c ific e ffe c t in s t im u la t in g m ito s is in t h e p o lle n g r a in s is p o s s ib ly d u e to th e s e b e in g t h e o n ly c e lls t h a t c o n ta i n th e m w h o se m ito s is a n d g r o w th a r e n o r m a lly lim ite d .
S p o n ta n e o u s s t r u c t u r a l c h a n g e s in h e te r o c h r o m a tic c h ro m o s o m e s a r e f r e q u e n t a t m ito s is in p la n t s a n d a n im a ls . S u c h c h a n g e s c o u ld e v id e n t ly e s ta b lis h m a l ig n a n t p r o p e n s itie s in s o m a tic cells b y s t im u la t in g r e c u r r e n t m ito s is .
TWO KINDS OF CHROMOSOME
The ordinary chromosomes making up the haploid set of an individual or a species are all necessary for the regular development of every tissue and of nearly every isolated cell. Indeed, that is how we have to define a
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[ 127 ] 9 set of chromosomes. But there is another kind of chromosome, an extra ordinary kind, which is not necessary in this absolute sense. It may be dispensed with in one of two ways, either in certain cells of the body, or in certain individuals of the population. The same two kinds of variability affect parts as well as whole chromo somes. And for both parts and wholes the population variability exists in two states: equilibrium of different types within a group and differentiation between groups or races. A differentiation must of course always arise from an equilibrium, however short-lived. We have thus six classes, which may be represented by the following outstanding instances: T ip u la (B a u e r 1931) M etapodius ( a n d
Cim ex ( X) ( D a r lin g t o n 1939)
Oryllotalpa vulgaris
Zea ( D a r lin g to n a n d Liability to loss at mitosis is characteristic of all extra chromosomes. In body differentiation this liability becomes regulated and adapted to a physiological use which evidently preserves it. In the population-differ entiated types this use has not hitherto been obvious. Now it is revealed by the equilibrium in which the extra chromosomes can exist. The equi librium explains the origin of the differentiation and at the same time it demands that the chromosomes concerned have a use. We see therefore that the appearance of inactivity in these chromosomes was a false appearance; it was due to the absence of standards for measuring activity of the kind they show. Evidently the activity of inert chromosomes is non-specific in this sense, that the products of their activity do not interact with the products of one gene in the specifically active chromosomes rather than another.
Thus the two kinds of differentiation may be regarded as different aspects of the same fundamental problem. They help to explain one another. The importance of this conclusion has now been shown in an unexpected way: the two differentiations have been found together in the same species. In a wild diploid grass, Sorghum purpureo-Janaki-Ammal has found, among a hundred plants, forty with extra chromosomes. These extras vary from one to six in number (table 7) . And they are never found in the roots, but are confined to the shoot system.
In this plant species there is therefore a distinction, however rough and ready, between body and germ-track such as has been known hitherto only in animals. Three questions at once arise: First, how is this distinction brought about? Secondly, how is it maintained? and how are the chromo somes revealing it inherited? Thirdly, how do they maintain their equili brium in the population? Dr Janaki-Ammal has kindly provided us with the plants and seeds to enable us to study these problems.*
E limination at mitosis
The five A chromosomes of the standard set have submedian centro meres and are of nearly the same length. Mitosis proceeds regularly in all tissues. Five bivalents are formed at meiosis.
Irregularities were found in one plant. One or other of the chromosomes was seen to lag at anaphase in inflorescence tissue and micronuclei were formed. Some cells were seen with as many as three such nuclei, of various sizes, probably in various stages of degeneration. In cells with or without such micronuclei metaphases appeared with one chromosome missing. In some tissues nearly half the plates were deficient in this way. This in dicates an even higher proportion of deficiency in the nuclei, since the deficient nuclei would be less active. One anaphase with eight chromo somes in each group was seen to be losing the ninth by lagging on the plate.
This plant was useful as showing us how chromosomes of the ordinary kind can be lost in this species. Their loss can be recognized by the forma tion of micronuclei. They are lost in a non-specific way, presumably owing to a mild spindle weakness. Such a weakness might be due merely to the cultural conditions. The effect distinguished between root and shoot, for the roots were normal.
Turning now to the plants with extra or 15-chromosomes, the plants, as we shall call them, we find a different kind of irregularity. In the first place the youngest roots of the germinating seeds contain ten * F o r r o o t-tip s 2 B E g e n ti a n v io le t s e c tio n s (1 5 //) w e re u s e d . A ll s t e m tis s u e s w e re p re -fix e d in 1: 3 a c e tic a lc o h o l. Y o u n g in flo re s c e n c e s a n d p o lle n g r a in s w e re te a s e d o u t a n d s ta in e d in a c e to -c a r m in e , p o lle n m o t h e r c e lls in a c e tic o rc e in . P o lle n g r a in s a re o r i e n ta t e d fo r s t u d y b y s lid in g t h e c o v e r-s lip w h ile w a tc h in g t h e m ito s is (cf. D a r lin g to n a n d L a C o u r 1941). chromosomes. They have lost the B ' s du second place the young shoots usually have the ^-chromosomes, but loss sometimes occurs. In the growing inflorescence the s are eliminated F ig u r e 1. M ito s is in d if f e r e n t tis s u e s o f M 3 , s h o w in g t h e c o m p le m e n t w ith th e s t a n d a r d th r e e c h ro m o s o m e s p r e s e r v e d in t h e y o u n g s te m , b e in g lo s t in t h e i n flo re sc e n c e a n d a f t e r t h e i r e lim in a tio n in t h e r o o t. T w o a r e p r e s e n t a t th e s e c o n d p o lle n g r a i n d iv is io n . S id e v ie w s o f a n a p h a s e in t h e flo w e r s h o w la g g in g a n d m ic r on u c le u s f o r m a tio n , x 1300. from the parts of the flower which are not going to produce germ cells. Filaments and glumes are littered, as it were, with micronuclei. The pollen mother cells, on the other hand, contain an invariable number of s, and are free from micronuclei. The anther walls and ovaries are intermediate in the amount of loss. They have rare micronuclei.
We followed this development in detail in two plus plants, which we shall refer to as LS and M3, with different numbers and sizes of 5 -chromo somes, M, L and S (table 1). In these plants the 5 -chromosomes are A ctivity of inert chromosomes in Sorghum always delayed in metaphase orientation. Sometimes they altogether fail to congress on the plate, and this failure is most frequent for the 5-chromosome, presumably owing to its exceptional size. At anaphase, in conse quence, the 5 -chromosomes often lag (figures 1 and 2 and figures 13-17, plate 6) or even fail altogether in the division of the centromere. From this extreme case, loss and micronucleus formation is bound to result. From intermediate cases both chromatids may pass to one pole, or the centromere may misdivide, as happens with unpaired chromosomes at meiosis. Such misdivision leads to the formation of telocentric chromo somes ( figure 2D ) which are sometimes found at metaphase (figure 2B). Their fate we shall refer to later. The causal sequence of loss is therefore clear. Inadequacy of the centro mere, delayed congression and orientation, lagging at anaphase, micro nucleus formation and degeneration. Loss occurs in one tissue and not in another, presumably for the same reason that loss occurs for -chromo somes in one plant and not in another. This must be a variation during development in the activity of the spindle since such a variation can hardly be supposed in the structure or properties of the chromosome. In the track of development which leads to the germ cells the spindle is adequate even for the centromeres of the chromosomes. Elsewhere it is evidently not adequate.
P ollen mother cells
The 5 -chromosomes were present in regular numbers in all first meta phases of meiosis in the two plants.
M3 has incomplete pairing and a low chiasma frequency. The paired configurations have a frequency of only 1-43 chiasmata (with 0-97 chiasmata terminal). The three ill's are evidently identical, for they form trivalents. They never associate with the -chromosomes, from which, however, they are not distinguishable in size at meiosis. Table 2 accordingly gives interpretations assuming the maximum pairing of ^4's.
LS regularly has five A bivalents, with 1-97 chiasmata per bivalent and complete terminalization. L-and #-chromosomes are never paired with 
F i r s t (A -D ) a n d s e c o n d (E -F ) p o lle n m o t h e r c ell d iv is io n s in p l a n t L S .
L h a s f o r m e d o n e c h ia s m a w ith its e lf in A a n d G, tw o in D w h e re a b iv a l e n t sh o w s in v e r s io n c ro s s in g -o v e r. N o te t h e a b s e n c e o f la g g in g o f L a n d S a t se c o n d a n a p h a s e , x 1300. one another or with an A. Both L and S, when they come on to the plate, lie like other univalents with their bodies in the equatorial plane. The 5 -chromosome frequently forms a ring, however. Thus its two ends must be identical, like those in the secondary trisomic of Datura (Belling 1927) . It is an iso-chromosome. The 5 -chromosome, which is too small for analysis, may have a similar stucture. Since we have seen telocentric 5 's at mitosis, these chromosomes presumably arose on the lines described in Fritillaria (Darlington 1940) . This origin implies a centromere of abnormal strength, other evidence of which we have already noted. C. D. D arlington and P. T. Thomas At first anaphase L and S as well as unpaired pass to one pole without division, even in cells where metaphase congression has been perfect. At the second division they might be expected to divide, but to do so with some delay as at ordinary mitoses. It is remarkable therefore that they show no delay at all.
P ollen grains : first division
The primary division in the pollen grains follows a regular course whether 5 -chromosomes are present or not. It also takes place at the regular time-one week after meiosis. The 5 -chromosomes themselves show some structural changes, but divide normally (figure 4). Thus in a sample of the plant M 3 with eleven anaphases four had one 5 and seven had two, but in these as well as in nineteen telophases there were no laggards.
In LS different samples of pollen grains were taken and they differed in the frequency of 5 's. This would happen if the 5 's affected the rate of development of the grain just as ordinary chromosomes do. It is possible to measure this activity on a scale provided by the proportion of grains which have passed through their first division. The sample can then be recorded according to the length of the complement, all values above 40/t representing 5-chromosomes. In the plant LS the more 5 -chromosome material is present the longer is the interval required before the first division (table 3) . When allowance is made for the inequality of our samples and of their timing, it will be seen that there is roughly a half chance of each chromo some, L or S, appearing in each pollen grain. There is therefore no evidence of loss, which we had no reason to expect, or lethality, which we might have expected. The 5 -chromosomes produce no unbalance. They are active but non-specific.
P olymitosis
Description. In normal plants the first division of the pollen grain gives a central vegetative nucleus and a peripheral generative nucleus which, as in grasses generally, divides a week or so later to give the two male nuclei. Certain abnormalities occur in normal plant pollen (figure 5): (i) non polarization, (ii) subequal division of cytoplasm, (iii) second division of vegetative nucleus.
These have been found in Tradescantia by Sax (1935) under abnormal conditions, and probably occur in most plants as a rarity. In all six plus plants examined, however, the last of these abnormalities, supernumerary division of the vegetative nucleus, is developed to an extent hitherto unknown. The vacuole, which normally separates the vegetative and genera tive nuclei, disappears and the two remain lying close together. The extra division then occurs very promptly. The rapidity of the division is in dicated by the frequent persistence of relic coiling in those ends of the I,-chromosomes which have evidently been left extruding from the resting nucleus (figure 4). And then the central nucleus may repeat this process until it has piled up three, four, or even five, peripheral nuclei against the same side of the grain opposite the germ pore. These divisions follow in rapid succession, probably all within 24 hours.
F igure 6. T h e c o u rs e o f s u p e r n u m e r a r y d iv is io n s a ll t a k e n fr o m o n e p r e p a r a t i o n o f M 3 a n d d e r iv e d fro m a n o r m a l b in u c le a te c ell lik e t h a t o f L S s h o w n in A . B , p r o p h a s e o f f ir s t e x t r a d iv is io n o f v e g e ta tiv e n u c l e u s ; n u c le o lu s p e r s is tin g . C, D , p a s s a g e o f ilf-c h ro m o s o m e s t o g e n e r a tiv e p o le . E , F , s e c o n d a n d t h i r d te lo p h a s e . G , f o u r th a n a p h a s e . H , f if th p r o p h a s e . J , K , p r o b a b l y fin a l r e s tin g s ta g e , K h a v in g s h if te d it s p o la r iz a tio n , x 300.
At the beginning of the extra divisions the I?-chromosomes begin to show their somatic defect. They lag on the anaphase spindle. But they are not lost. In nineteen supernumerary metaphases of M3, one had no ilf-chromosome, eight had one and ten had two. All the JT-chromosomes were lagging. In the early stages they were lying on the equator, later they were passing undivided towards the generative pole. Thus the vegetative nucleus does what the diploid nuclei off the germ track so regularly do-it gets rid of its extra chromosomes. But here, on this one most important occasion, the germ-track nucleus doubles its set of s.
These divisions suggest the development of the gametophyte found in the gymnosperms, except that the number of cells cut off can be greater and the cells themselves have the form, and even the function, of additional generative cells and not of additional somatic cells.
If a sample of grains is examined while this process is taking place, and while nearly all the grains are still healthy, its general character can be recorded (tables 4 and 5). We then see that in addition to a straight forward polymitosis of the vegetative nucleus a variety of other deviations can be traced. Some of them are like those found occasionally in normal plants, but they are combined with poly mitosis as follows:
(i) The first division is sometimes unpolarized and transverse, giving two equal and symmetrical nuclei, as sometimes happens in normal plants.
(ii) The cell cut off with the first, second, third or fourth peripheral nucleus may be larger than usual and it may then itself divide once-as it would in a normal plant-but a week earlier (figure 7 D, E).
(iii) Secondary failure of polarization may occur, so that two central nuclei are formed after the first peripheral nucleus. These may then undergo a third mitosis with or without their previous fusion (figure 7 A, B and C). N , n o r m a l d e v e lo p m e n t. P , s t r a i g h t p o ly m ito s is g iv in g e x t r a g 's. U, u n p o la r iz e d , w ith e q u a l a n d tr a n s v e r s e f ir s t d iv is io n , g iv in g tw o v's. S , s e c o n d a r ily u n p o la r iz e d . 
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Y , a ll d e g e n e r a tin g p o lle n g r a in s . O n e n u c le u s h a s tw o s m a ll n u c le o li, a n o t h e r w as a t m e ta p h a s e .
N (18), o n e h a d v a t m e t a p h a s e ( n~5 + 2 M );
t h r e e h a d v a t p r o p h a s e . (5 6 ), o n e h a d v a n d g in te lo p h a s e fo r s e c o n d d iv is io n , a n o t h e r h a d v in p r o p h a s e fo r t h i r d d iv isio n . O n e h a d v a t p o r e p o le , a n o t h e r h a d b o t h v a n d g a t p o r e p o le . (1 1 ), o n e h a d tw o m ic ro n u c le i f r o m la g g in g B 's. O n e h a d v-g te lo p h a s e . (2 ), o n e h a d v-S , s e c o n d a r y fa ilu r e o f p o la r iz a t io n o f v t o g iv e e q u a l n u c le i a f t e r b u d d in g o ff o n e g. O ne in (5 ) h a d g d e g e n e r a te d a n d a n o t h e r h a d o n e v a t t h e p o r e p o le .
M3
F ig u r e 7. A b n o r m a l s u p e r n u m e r a r y d iv is io n s in M 3 . A , t h i r d m e t a p h a s e a f t e r n o n -p o la r iz a tio n o f s e c o n d ; n o te p re s e n c e o f o n e la g g in g -c h ro m o s o m e in o n e d iv isio n a n d o f th r e e in t h e o th e r o w in g to la g g in g a t s e c o n d d iv is io n . B , d if f e r e n t v iew o f t h i r d m e ta p h a s e . C, t h i r d a n a p h a s e a f t e r fu s io n ; la g g in g o f tw o D , t e l o p h a s e o f a p re c o c io u s d iv is io n o f a g e n e r a tiv e n u c le u s w ith a n e x t r a M -c h ro m o so m e w h ic h h a s la g g e d . E , s im ila r p re c o c io u s d iv is io n o f s e c o n d g e n e r a tiv e n u c le u s w ith p e rs is tin g n u c le o lu s (also o b s e r v e d o n c e in ta b l e 5 s a m p le ). N o te , h e te r o c h r o m a tin i s a b u n d a n t in th e f ir s t g e n e r a tiv e n u c le u s b u t n o t in v e g e ta tiv e n u c le u s , x 300. This selective action points to some post-meiotic effect of the B 's in pro moting division.
Causation. What of the
(ii) The frequencies of extra divisions. The general samples in tables 4 and 5, in which we regard polymitosis as nearly complete, show a variation in intensity conforming with a variation in the frequency of D-chromosomes distributed to the pollen grains at meiosis. This also argues a post-meiotic effect.
(
iii) The behaviour of cells without B chromosomes.
At the first extra division all B 's, as we saw, pass to the generative pole without division. Hence the vegetative nucleus must always be destitute of B 's and those in the generative nucleus probably do not act on the vegetative cell. Its further rapid divisions must be due to the delayed effect of their action during the earlier period. Thus the effect of the H-chromosomes on polymitosis is derived chiefly from their action between meiosis and the first mitosis of the grain affected. It is cumulative. In this respect it differs from the timed action of specific genes and resembles the effect of T-chromosomes in Drosophila (Schultz 1941).
Sperm formation
The ripe pollen enables us to take a more extensive view of the course of development in diploid as well as plus plants. In the normal course (as it is known in grasses generally) a week elapses between meiosis and the primary division and nearly another week between this division and the next, when, a day or two before dehiscence, the generative nucleus forms the two crescent-shaped sperms of the ripe grain. In the polymitotic grains likewise, periods of rest precede and follow the polymitosis. During the second period there is some degeneration such as always affects different kinds of grain differentially. In the ripe grains with more than one genera tive nucleus we then find three degrees of development: (i) no sperm, (ii) two sperm, and (iii) two pairs of sperm of unequal size. Presumably these degrees correspond to degrees of vitality, since in the ordinary grains the generative nucleus may collapse instead of forming sperm (figure 8). Degrees of vitality are also shown by the range between the long worm shaped sperm that are commonest in the healthy grain and the short F ig ure 8 . T y p e s o f r ip e p o lle n . A -C , in p l a n t 15 (see ta b l e 6 a n d fig u re 9 ; C is p r e s u m a b ly d ip lo id f r o m a b in u c le a te g r a in . D in p l a n t w ith tw o s. E in p l a n t w ith o n e B .
pear-shaped sperm that often appear in polymitotic grains. Vitality of sperm seems to be proportionate to length. There is an enormous increase in empty grains in the plus plants with increasing number of B ' s (Janaki-Ammal 1940). These plants, as w have an increasing amount of polymitosis during middle pollen grain growth. Observation of the ripe pollen grains now enables us to extend this analysis and show the story in a new perspective (table 6 and figure 10). First, we find that some of the diploid plants produce a small pro portion of grains with two generative nuclei. The difference of behaviour between diploid and plus plants is therefore not absolute but one of degree.
Secondly, the poorness of the sample increases with the proportion of multinucleate grains. Now none of the good grains have more than two generative nuclei or their derivative sperms, except the grain in figure 8C which is diploid. Since pollen grains with three, four or five generative nuclei are common amongst higher plus plants, it follows that the pollen C. D. D arlington and P. T. Thomas which has failed is largely of the polymitotic kind, which increases in frequency with the number of B 's. One more conclusion concerns the effect of i?-dosage. Janaki-Ammal's observations and ours, so far as they go, show that the effect of dosage is geometrically rather than arithmetically cumulative. Two have more than twice the effect of one. In this property again, so far as we know, inert chromosomes are distinguishable from any kind of active genes. 
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* T h is p l a n t p r o d u c e d e q u a l n u m b e r s o f p o lle n g r a in s w ith a n d w i t h o u t s t a r c h g ra in s . I t w a s e v id e n t ly h e te r o z y g o u s f o r a d ir e c t-a c tin g g e n e c o n tr o llin g s t a r c h f o r m a tio n in t h e p o lle n , a s h a s b e e n f o u n d p r e v i o u s ly in Oryza, Zea a n d e ls e w h e re . 
H eterochromatin and nucleoli
The genetic 'inertness' of the 15-chromosomes, their frequent structural changes, their new homologies all suggest an analogy with heterochromatic chromosomes elsewhere and make it necessary to examine their nucleic acid cycle. Their absence from root tips and the impracticability of freezing make the enquiry more difficult than usual.
The standard complement contains a number of small heterochromatic segments which are stained in resting nuclei of various tissues. Evidence of one of these has been seen at metaphase ( figure 4C ). The 12-chromosomes, occurring only in shoot tissues, seem to be heterochromatic, but variable in behaviour. Possibly the degree of their condensation varies with the activity of the cell and the size of the nucleus. The micronuclei to be sure are strongly condensed, but a degenerating nucleus might well be so, whatever its chromosome constitution. More satisfactory evidence is obtained from three special sources, (i) In the extreme case of a plant with five B ' s, five large deeply condensed bodies, in addition to the small ones, could usually be recognized in anther wall tissue ( figure 11). (ii) Pachytene in plus plants shows large blocks of heterochromatic material resembling the I2-cliromosomes of Zea Mays, (iii) There is a difference between the first generative nucleus and the vegetative nucleus after its second division in figure 7 E. The one which we expect to have the 12-chromosomes shows several larger bodies of heterochromatin, the other only two smaller ones.
Thus the exact plotting of the position of heterochromatin is not possible, but its concentration in the 12-chromosomes is clear.
One of the most difficult but promising peculiarities of the polymitotic pollen grains is the variation in the sizes of nucleoli. The nucleolar organizer presumably lies in the secondary constriction seen in one of the A chromo somes at mitosis (figures 1-4) . The nucleoli are as a rule large, and this is particularly striking in the smaller generative nuclei. Further, we see that when the generative nuclei with large nucleoli divide, the nucleolus is too 145 large or the cell too small for rapid dissolution in the normal way. The nucleolus persists to anaphase and is rejected on the side of the spindle. This kind of abnormality is common in unbalanced pollen grains and has even been seen in root-tip mitoses of plus plants in (Darlington 1937 ) and Tulipa g a l a t i c a (Upcott, unpublished). Why should nucleoli be upset in a plant with an excess of 5 -chromo somes ? The 5 -chromosomes are heterochromatic. Caspersson and Schultz (1940) have shown in Drosophila that the nucleic acid/protein ratio of nucleoli depends on the amount of heterochromatin in the nucleus, although heterochromatin is concerned with the metabolism of nucleic acid and nucleoli contain n&ose-nucleic acid. It seems therefore, from their observations and ours alike, that the carbohydrate components of the two nucleic acids, the one in the nucleoli, the other in the chromo somes, are interchangeable within the nucleus.
Another clue to this relationship which should be borne in mind is the absence of large and visible heterochromatic segments in those species of the Paridae with nucleolar organizers (Darlington 1941).
Chromosome diminution and cumulation
We have seen that the 5 -chromosomes in Sorghum must have defective centromeres which make it possible for them to be eliminated, at any stage of development at which the mitotic spindles are also defective. Now defective centromeres are well known in 5 -chromosomes elsewhere (e.g. in Zea Mays and Tulipa galatica) and are even perhaps characteristic of them. Yet nowhere else in plants is there any evidence of a differentiation in their behaviour as between tissues. It therefore follows that this differen tiation must have arisen in Sorghum as a special combination of changes such as can only be adaptive. This is all the clearer for the obvious dis advantages which the 5 -chromosomes bring to the pollen that bears them. Polymitosis is a form of cell suicide that must require powerful com pensating advantages for it to survive.
The doubling of the 5 -chromosomes in the second generative nucleus will, if this nucleus functions, have an important bearing on this question. For if the average content of 5 's is increased mechanically in every generation an opposite physiological selection must reduce their frequency to an equal extent.
Comparison of previous accounts shows that doubling happens in the same way in plus plants of Secale, although at the first pollen grain division; a second division not having been found in rye.
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Hasegawa (1934) found that Secale with two extra chromosomes (14 + 21?) formed 98 % pollen grains with 7 + 5 chromosomes. These by primary division gave the following separations of 5 's to the vegetative and generative nuclei in twenty-one pollen grains: e n ti r e l y t o e n ti r e l y to g e n e r a tiv e e q u a l v e g e ta tiv e n u c le i d iv is io n lo s t n u c le i
In other words, the majority of male gametes from 14 + 21? plants had 7 + 25 chromosomes. As in Sorghum the segregation of the undivided B in some cells goes with its loss in others and must he attributed to a defective centromere. From these observations, so remarkably similar to our own, we should expect an excess of progeny with even numbers of chromosomes. This happens in Sorghum, as Janaki-Ammal found, and it happens in Secale even more strikingly, as the data brought together in table 7 now show for it affects the progeny on the female side as well as on the male side.
The mechanical cumulation of 5 -chromosomes in the generative nuclei of the pollen grain, i.e. in the male germ line, of Secale and Sorghum has far-reaching implications. It means that their equilibrium in the population may depend on the opposite conditions to those in Zea Mays. In Zea there is a mechanical loss of 5 -chromosomes in the germ track and this implies a compensating physiological advantage in the presence of 5 's for the species, or rather an optimum above the observed mean. In Secale and Sorghum on the other hand the mechanical gain implies a physiological disadvantage for the species, an optimum below the observed mean. Such a contrast is not so surprising as it may seem. It merely means that (i) the heterochromatin supply of the standard complement is below the optimum requirement in all three species, (ii) that it is inaccurately adjusted to this optimum by means of 5 -chromosomes and (iii) that it is under-adjusted in Zea, over-adjusted in Secale and Sorghum. This erro of adjustment is in all three cases due to their mechanical errors.
Malignant mitosis
What we have just described as poly mitosis differs from the condition so described by Beadle (1931) in a fundamental respect. In Zea multiple division is imposed by the cell on the nucleus before the necessary nuclear change of chromosome division has taken place. It is the spindle that takes the lead. In Sorghum, on the other hand, multiple division is imposed by the nucleus on the cell. The chromosomes always divide perfectly, and such abnormality as takes place is due to under-development of the spindle. We may suppose indeed that the spindle is barely able to keep up the pace of division set by the nucleus. Again, as wT e might expect from its extra-nuclear origin, the defect in Zea is determined by a single recessive gene operating maternally and not directly in the individual pollen grains. In Sorghum the defect is determined by a heterochromatin excess which probably continues to operate in the individual haploid cells as well as by delayed maternal effect.
Why does polymitosis occur in plus plants of Sorghum at this particular stage of development? For specific genes we cannot say what determines specific timing in their actions, beyond generally stating that their actions are reactions with a system which is co-ordinated in time. In this heterochromatic effect, however, we are dealing with a continuation of a process which is normally interrupted at this stage.
The grains are sealed up in their walls a few days after meiosis. When this cell wall is not formed, as we now find in the Orchidaceae (Barber 1941), the co-ordination in timing of the whole loculus is maintained. When the wall is formed, each grain becomes a physiological unit liable to its individual errors. At the same moment its growth is stopped, but mitosis continues, without cell-wall formation, in the presence of an excess of nucleic acid.
From this point of view the nuclear poly mitosis in the pollen grain is analogous to malignant growth of a mature animal cell. It differs in that each malignant cell is already imprisoned in a thick cell wall. Each pollen grain is an encapsulated tumour. Though the limited resources of the pollen grain lead to suicide, with unlimited resources proliferation would pre sumably follow. It may be (on a neo-Weismannian view) that the loss of B chromosomes in plus plants of Sorghum before the maturity of somatic tissues avoids this proliferative excess. Or, again, it may be that where every cell is equally a plus cell the competition of equals gives regulated growth.
Although few enough observations have been made capable of testing the relation of heterochromatin, that is of nucleic acid metabolism, to cell division, we may recall:
(i) the great variability in timing and internal co-ordination of pollen grain divisions in triploids (Upcott 1939);
(ii) the occasional occurrence of supernumerary divisions in the vegeta tive nucleus in triploid Tradescantia (Sax 1937) and triploid Lilium (cf. Coulter and Chamberlain 1915); (iii) the precocious division of a generative nucleus in triploid praecox (Upcott 1939); and (iv) the occurrence of extra divisions of the vegetative nucleus in Amaryllis Belladonna with two extra and probably 'inert' chromosomes (Upcott 1939; cf. Sato 1938) .
(v) the entry of the pollen tetrad nuclei into an abortive prophase immediately after meiosis in the old triploid garden tulip Zomerschoon (Upcott unpub.).
All these cases are plus plants or triploids. Plus plants will always have a nucleic acid excess. The triploids, if their heterochromatin is unequally distributed amongst their chromosomes, will likewise have it unequally distributed amongst their pollen grains, sometimes with excess and some times deficiency of nucleic acid. This is borne out by the frequency of undissolved nucleoli in their pollen grains. In every instance we therefore have reason to associate nuclear polymitosis with nucleic acid irregularity.
The opposite side of the picture is perhaps shown by Dobzhansky's inter-racial hybrids in Drosophila (1934).
x are deficient in the inert Y -chromosome as compared with the B parent. Meiosis comes too early in the development of the follicle, and its precocity is only partly made good by a succession of 'supernumerary' mitoses.
We saw earlier the important distinction that can be drawn between nuclear and cytoplasmic polymitosis. Now malignant cell division must always be derived from nuclear rather than from cytoplasmic disturbance. For if division of the cell is to be repeated it is essential that the division of the chromosomes shall be correct. Nucleic acid supply must therefore be a crucial variable in the causation of cancer.
How then could abnormal heterochromatin content arise in animal tissue to account for malignant growth? The answer is indicated by the high frequency with which spontaneous structural change occurs in heterochromatic segments of chromosomes (Darlington and La Cour 1940; Barber and Callan 1941) . This spontaneous change could appear as the mutation to which cancerous growth has sometimes been ascribed (Lockhart-Mummery 1941) . Mutations determining malignant mitosis have been produced by X-ray irradiation in Antirrhinum and perpetuated for several generations (Stein 1935) . The frequency of spontaneous changes can be modified and conditioned by both genotype and environment, with com plex results (Darlington and Upcott 19416) , indeed with what have been reasonably described as mixed results (Strong 1941) . For a test of the consequence of such changes on mitosis, no tissue will be found to equal in experimental convenience the pollen grains of plants with varying numbers of inert chromosomes. D escription of plates P late 6. M ito sis in t h e p l a n t L S F ig u r e 12. R o o t -t i p m e t a p h a s e . N o te tw o s a t e ll it e c h ro m o s o m e s . F le m m in gg e n ti a n v io le t s e c tio n ( x 30 0 0 ). F ig u r e 2 1 . D ia k in e s is ; fiv e A b iv a l e n ts , L a n d S u n iv a l e n t. a s a rin g . F ig u r e 22. F iv e A b iv a l e n ts , S u n iv a l e n t, L b r o k e n in to tw o te lo c e n tr ic s a s in fig u re 2 D .
F ig u r e 23. G ro u p o f m e t a p h a s e s w ith L a n d S u n p a ir e d , a n d o n e a n a p h a s e w ith S la g g in g .
F ig u r e s 2 4 -2 6 . F i r s t a n a p h a s e s . F ig u r e 24, S la g g in g , L a t o n e p o le . F ig u r e 25, b o t h la g g in g . F ig u r e 2 6 , L a lm o s t b r o k e n b y s t r e tc h i n g o f s p in d le .
